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EP 0 660 803 B1 

Description 

BACKGROUND OF THE INVENTION 

5 This invention relates to a process for the conversion of hazardous hexafluoroarsenic acid or any salt thereof 

contained in an aqueous mixture to a form that can be made nonhazardous. More particularly, this invention provides 
a process for converting hazardous hexafluoroarsenic acid (HAsF 6 ) or any salt thereof such as potassium hexafluor- 
oarsenate (KAsF 6 ), sodium hexafluoroarsenate (NaAsF 6 ), ammonium hexafluoroarsenate (NH 4 AsF 6 ), calcium hex- 
afluoroarsenate (Ca(AsF 6 ) 2 ), and magnesium hexafluoroarsenate (Mg(AsF 6 ) 2 ) contained in an aqueous mixture to a 

10 solid water insoluble arsenate salt of calcium or magnesium salt or a mixture thereof which can then be rendered 
nonhazardous by the best developed available technology. 

A method generally employed in the manufacture of hydrogen fluoride involves heating a mixture of fluorspar and 
sulfuric acid in a rotating furnace; see for example the method of commonly assigned U.S. Patent 3,718,736. The 
industrial grade anhydrous hydrogen fluoride obtained contains large quantities of undesirable impurities such as ar- 

*5 senic because the starting material, fluorspar, contains arsenic, and this arsenic cannot be removed in a distillation 
process. The industrial grade anhydrous hydrogen fluoride generally contains about 50-500 ppm of arsenic impurity. 

The presence of arsenic impurity in anhydrous hydrogen fluoride at these levels is highly undesirable for many 
applications. Anhydrous hydrogen fluoride is used in the refining and chemical manufacturing industries and arsenic 
impurities in anhydrous hydrogen fluoride can poison the catalyst and contaminate the manufactured product which 

20 adversely affects the product quality In the electronics industry, aqueous solutions of hydrogen fluoride are used as 
cleaning agents and etchants in the manufacture of semiconductors, diodes, and transistors. A high degree of purity 
and very low levels of arsenic in anhydrous hydrogen fluoride are required to prevent minute quantities of arsenic 
impurity from remaining on the surfaces of the electronic industry products after they have been cleaned or etched 
with hydrogen fluoride. Furthermore, arsenic in anhydrous hydrogen fluoride can ultimately cause an environmental 

25 problem for the end user. 

Commonly assigned U.S. Patents 4,756,899 and 4,929,435 provide processes for manufacturing high purity an- 
hydrous hydrogen fluoride having low levels of arsenic impurity by contacting anhydrous hydrogen fluoride product, or 
an intermediate product obtained during the manufacture of anhydrous hydrogen fluoride with hydrogen peroxide in 
the presence of a catalyst. 

30 The preceding processes for manufacturing high purity anhydrous hydrogen fluoride and other processes involve 

a distillation step wherein the commercial grade anhydrous hydrogen fluoride is separated from the impurities by dis- 
tillation. These impurities plus some anhydrous hydrogen fluoride collect in the bottom of the distillation column. A 
typical make-up of such a mixture which collects in the distillation column bottom is about 75 to about 95 percent by 
weight hydrogen fluoride, about 2 to about 20 percent by weight water, up to about 5 percent by weight sulfuric acid, 

35 and up to about 5 percent by weight hexafluoroarsenic acid or salt thereof. 

This typical distillation column bottom presented the following two problems to the industry. First, the waste con- 
tained hexafluoroarsenic acid or salts thereof. The practice in the industry was to purify a small portion of the total 
production and then either recycle the distillation bottoms to the process or ship the distillation bottoms to a hazardous 
waste site. The first option reduced the capacity for purified hydrogen fluoride while the second option was expensive 

40 and not allowed without pretreatment because of the problems associated with converting the hexafluoroarsenic acid 
and salts thereof to a non-hazardous material. 

Second, hydrogen fluoride is used in the manufacture of hydrochlorofluorocarbons and hydrofluorocarbons which 
are considered to be substitutes for the currently used chlorofluorocarbons suspected of affecting the ozone layer As 
an example of such a manufacturing process, hydrogen fluoride is reacted with vinylidene chloride or 1,1 ,1-trichlo- 

45 roethane to form 1,1-dichloro-1-fluoroethane (which is known in the art as HCFC-141b). As a result of this increased 
demand for higher purity hydrogen fluoride, manufacturers seek a means for recovering substantially all of the hydrogen 
fluoride in the distillation column bottom so as to maximize their yield of purified hydrogen fluoride and minimize pro- 
duction costs. 

It has been attempted to convert the hexafluoroarsenic acid or salt thereof to a nonhazardous material but problems 
so have been encountered. See commonly assigned U.S. Patent 5,089,241 for a discussion of these problems. Addition- 
ally, KM. Dess et al, "The Preparation and Properties of Complex Fluoroarsenates", J. Am. chem. Soc. 79 , 1 589 (1 957) 
state that the hexafluoroarsenate is very stable towards hydrolysis in aqueous solution and it is not even hydrolyzed 
by boiling a strongly caustic solution almost to dryness. 

As such, the need exists in the art for a process which converts substantially all of the hazardous hexafluoroarsenic 
55 acid and salts thereof to a form that can be rendered nonhazardous, proceeds in a reasonable amount of time under 
reasonable conditions, and provides for the recovery of the hydrogen fluoride if desired. Commonly assigned U.S. 
Patent 5,089,241 provides one process which responds to the need in the art. 
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SUMMARY OF THE INVENTION 

We have developed another process which responds to the foregoing need in the art. The present process converts 
substantially all of the hexafluoroarsenic acid or salt thereof in an aqueous stream to an insoluble arsenate salt which 

s can be rendered nonhazardous. This conversion eliminates the aforedescribed decreased capacity for higher purity 
hydrogen fluoride and expensive hazardous waste disposal and potential human exposure to a hazardous waste. Also, 
when the present process treats a hydrogen fluoride distillation column bottom, the stripping of the hydrogen fluoride 
from the bottom rather than disposal of it, and the subsequent recycling of the stripped hydrogen fluoride improve the 
overall economics of the process. Additionally, the present process operates in a commercially acceptable amount of 

10 time under reasonable conditions. Also, the present process when practiced in conjunction with one of the processes 
of commonly assigned U.S. Patent 4,756,899 or 4,929,435 allows the use of lower cost fluorspar having a high arsenic 
content. 

In particular, the phrase "hexafluoroarsenic acid or salt thereof" as used herein refers to the nonvolatile pentavalent 
arsenic compound of commonly assigned U.S. Patents 4,756,899 and 4,929,435. It should be understood that the 

*5 present invention is not limited to a hydrofluoric acid manufacturing process. The present invention may be used to 
treat any stream comprising hexafluoroarsenic acid or salts thereof. 

Thus, the present invention provides a process for converting hexafluoroarsenic acid or salts thereof contained in 
an aqueous mixture to solid water insoluble arsenate salts or mixtures thereof. The process comprises the steps of: 
(a) adding a first compound selected from group (I) consisting of sodium carbonate, sodium hydroxide, sodium oxide, 

20 potassium carbonate, potassium hydroxide, potassium oxide, ammonium hydroxide, or mixtures thereof or from group 
(II) consisting of calcium carbonate, calcium chloride, calcium hydroxide, calcium oxide, magnesium carbonate, mag- 
nesium chloride, magnesium hydroxide, magnesium oxide, or mixtures thereof to the aqueous mixture in an amount 
sufficient to substantially neutralize the aqueous mixture to a pH greater than or equal to about 10. 

If the first compound is selected from group (II) except that the first compound may not be calcium chloride or 

25 magnesium chloride, the amount of the first compound added is sufficient both to raise the pH of the aqueous mixture 
to greater than or equal to about 1 0 and also in subsequent step (b), to substantially convert fluoride ions in the starting 
aqueous mixture and fluoride ions liberated during the conversion of hexafluoroarsenic acid or salts thereof to solid 
water insoluble calcium or magnesium fluorides or mixtures thereof and to substantially hydrolyze the hexafluoroarsenic 
acid or salts thereof to solid water insoluble calcium or magnesium arsenates or mixtures thereof. If the first compound 

30 is selected from group (I), a second compound selected from group (II) is added in an amount sufficient to substantially 
convert fluoride ions in the starting aqueous mixture and fluoride ions liberated during the conversion of hexafluoro- 
arsenic acid or salts thereof to solid water insoluble calcium or magnesium fluorides or mixtures thereof and to sub- 
stantially hydrolyze the hexafluoroarsenic acid or salts thereof to solid water insoluble calcium or magnesium arsenates 
or mixtures thereof in subsequent step (b). 

35 in other words, two routes exist in step (a). The first is that if the first compound added is selected from group (I), 

a second compound selected from group (II) is also added. The other is that if the first compound added is selected 
from group (II), the amount of the first compound selected from group (II) added is sufficient as set forth above and a 
second compound is not needed. These routes are summarized in Table I below. 





TABLE I 






GROUP (I) 


GROUP (II) || 


FIRST ROUTE 


First Compound 


Second Compound 


SECOND ROUTE 




First Compound 



In step (b), the mixture resulting from step (a) is then reacted at a temperature sufficient and for a time sufficient 
to substantially convert the aqueous fluoride ions to solid water insoluble calcium or magnesium fluorides or mixtures 
thereof and to substantially hydrolyze the hexafluoroarsenic acid or salts thereof to solid water insoluble calcium or 
magnesium arsenates or mixtures thereof by removing substantially all the water from the solids. 

Prior to the process of commonly assigned U.S. Patent 5,089,241 and the present invention, the mixture remaining 
in the distillation column bottoms after practicing the process of commonly assigned U.S. Patent 4,756,899 or 4,929,435 
and others contained hazardous hexafluoroarsenic acid or a salt thereof and was recycled to the process or shipped 
to a hazardous waste site for disposal. In contrast, the present invention is advantageous because the hazardous 
hexafluoroarsenic acid or salts thereof is converted to solid water insoluble calcium or magnesium arsenates or mixtures 
thereof which can be stabilized by conventional waste disposal technology and then landfilled as a non-hazardous 
waste or recovered as a product by some other technology if desired. 

Other advantages of the present invention will be apparent from the following description and attached claims. 
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BRIEF DESCRIPTION OF THE DRAWING 

The Figure is a schematic of the present invention. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention treats any aqueous starting stream which contains hexafluoroarsenic acid or any salt thereof. 
Such aqueous starting streams may also contain acids such as sulfuric, hydrofluoric, phosphoric, fluorosilicic, or fluor- 
osulfonic; alkali such as sodium or potassium hydroxide; or suitable solvents for hexafluoroarsenic acid or salts thereof 
such as alcohols or mixtures thereof. 

The present invention preferably treats the aqueous mixture, which contains hydrogen fluoride, remaining in the 
distillation column bottom after practicing the process of commonly assigned U.S. Patent 4,756,899 or 4,929,435 which 
are incorporated herein by reference. Such a mixture comprises about 75 to about 95 percent by weight hydrogen 
fluoride, about 2 to about 20 percent by weight water, up to about 5 percent by weight sulfuric acid, and up to about 5 
percent by weight hexafluoroarsenic acid or any salt thereof. Generally speaking, this mixture is considered poisonous 
and carcinogenic because the waste contains arsenic compounds and is corrosive because the pH is less than 2. 

In the United States, the stabilized waste must pass the Toxic Characteristics Leach Procedure Test (TCLP) es- 
tablished by the Environmental Protection Agency in order to be considered nonhazardous. Other countries have 
applicable regulations also. Hexafluoroarsenic acid and its salts are acid, alkali, and water soluble and technology for 
the stabilization of these salts is unknown. To declassify the hazardous waste to nonhazardous, it is necessary to 
convert the arsenic in the waste to a form that can be stabilized and will meet or exceed the appropriate local regulations 
for declassifying a hazardous waste. 

Examples of salts of hexafluoroarsenic acid which may be present in the starting aqueous mixture include potas- 
sium hexafluoroarsenate (KAsF 6 ), sodium hexafluoroarsenate (NaAsF 6 ), ammonium hexafluoroarsenate (NH 4 AsF 6 ), 
calcium hexafluoroarsenate (Ca(AsF 6 ) 2 ) and magnesium hexafluoroarsenate (Mg(AsF 6 ) 2 ) or any other hexafluoroars- 
enate salt that cannot be rendered nonhazardous. 

The reason for evaporating the aqueous starting mixture is to separate most of the hydrogen fluoride for recovery 
and concentrate the hexafluoroarsenic acid or salt thereof for subsequent reaction thereof. Without the preheating 
step, the concentration of the hexafluoroarsenic acid or salt thereof would be so low and the hydrogen fluoride would 
be so high that a much larger amount of alkali would have to be added to complete the hydrolysis as will be explained 
later. The use of such additional alkali would make the present process more expensive by losing the hydrogen fluoride 
value, increasing the alkali usage, and increasing the volume of waste to be rendered non -hazardous. 

Preferably, the starting aqueous material has a hexafluoroarsenic acid or salt thereof concentration of about 20 to 
about 50 percent by weight and about 10 to about 30 percent by weight hydrogen fluoride. If the starting material 
contains less than this concentration, an evaporation step is preferably used. Referring to the Figure, the starting 
aqueous mixture is transferred as indicated by the arrow 12 to evaporator 14. 

In evaporator 14, the starting aqueous mixture is subjected to evaporation so as to concentrate the hexafluoro- 
arsenic acid or salt thereof by removing substantially all of the hydrogen fluoride. Arrow 16 indicates the flow of vapor- 
ized hydrogen fluoride out of the evaporator 14; typically, the vaporized hydrogen fluoride is recycled to the beginning 
of the hydrogen fluoride manufacturing process. The resulting product is transferred out of evaporator 14 as indicated 
by arrow 18 to reactor 20. 

The preferred evaporation conditions are in Table II below. The term "about" is understood to precede each nu- 
merical value in Table II. 



TABLE II 





PREFERRED 


MORE PREFERRED 


MOST PREFERRED 


Evaporation Temperature (°C) 


50-150 


70-115 


85-115 


Resulting Hydrogen Fluoride (wt.%) 


10-50 


20-40 


20-30 


Resulting Water (wt.%) 


20-40 


20-30 


20-30 


Resulting Hexafluoroarsenic Acid or Salt 
Thereof (wt.%) 


10-60 


30-60 


40-50 



In step (a) of the present process, a first compound selected from group (I) consisting of commercially available 
sodium carbonate, sodium hydroxide, sodium oxide, potassium carbonate, potassium hydroxide, potassium oxide, 
ammonium hydroxide or mixtures thereof or from group (II) consisting of commercially available calcium carbonate, 



EP 0 660 803 B1 



w 



15 



20 



25 



30 



35 



neutralize the aqueous mixture to a p grea e than ^u«S .T^ " am ° Unt SUffiCient ,0 ^bs.antially 
required for adjusting the pH to greater' hat equa o'about 1 0 i 2 °' *" 9r ° Up (l) firEl c ™?™« 

mixture. Anyone skilled in the art will be aZo add thl ™£? del f™™d by the acid content of the starting 
the process selected. If the P H is less than 0 If , m ° Um °' the 9r0Up (l > firs < com P°^ depending on 

might occur. P ^ ^ 1 °' the reaC,IOn Wl " not 9° <° completion and leaching of the arsenate sal 

the conversion of the hexafluoLr^ 

mixtures thereof and to substantially ^^T^^Z insoluble ca,cium or magnesium fluorides or 
calcium or magnesium arsenates or fixtures the eo^ Ts bZ ! , , 1j ^ ^ to Solid water ins °'^ 
sufficient to substantially convert fluoride ZslSZTn^ P ^ ThS am ° Un * ° f the second c °^P^nd 
conversion of thehexafloarsen^ and "on. liberated during the 

thereof and to substantially hydrolyze the helf uo^ 

magnesium arsenates or mixtures thereof 7de eZld bv th J " h ? <0 "** M ' M,e cateiurn or 
content of the starting aqueous mixture Anyone Ze^lT^T V heXafluo « ic «ld or salts thereof 
(II) compound depending on the process selected 6 ab ' 9 l ° ,h9 C ° rr8Ct amount of th ° 9™P 

If the first compound is selected from group (II) exceo-t that the firet ™ m 
magnesium chloride, the amount of the first compound adtd^^ 1 * P ^ ™ y n °' be calcium chloride °< 
the starting aqueous mixture and nuoridTk^^^",;?! ,0 , subs,antia "y invert fluoride ions in 
thereof to solid water insoluble calcium or ^^ 3^0^ I TT °' ^ hexa,l,J ° raarse ™ acid or salts 
hexafluoroarsenic acid or sa,,s thereof t S oZ2 22 Te ZZ 'T^ * ***** Ihe 

subsequent step (b). The amount o, the group ( ) ^co™ 

aqueous mixture to a pH greater than or equal to about ioTnd a , « substantally neutralize the starting 

the starting aqueous mixture and fluoride ions Ej£2 durino ,h ^ * COme « M ■»» «" 

thereof to solid water insoluble calcium or maqnesiu^ TZll 1 °' the hexafl ^oarsenic acid or salts 

hexafluoroarsenic acid or salts t^^^Z^^^^ "* to SUbstan,ia "y ^rolyze the 
determined by the fluoride and hexafluoroarsenic ^^^Z^TZ™ °' miX ' UreS thereof is 

skilled in the art will be able to add the correct amount Z S „ n L ° f S,artin9 aqU60US mixture - A "y°ne 

We have found that the moWs^ctl^ZlZ^ 9 P ( " COmP ° Und depending on ,he P roc ^ elected 
all of the fluoride ions in the ^^^^^ 'T™*** '° COmP ' e,i ° n When »***«>*» 
removed from the reaction mass by reaction with qZ Sir °11 " h ™* " nerat6d durin 9 lhe ^drolysis are 
fluoride salts. The formation of sohd JTS^ S^JST^!" ^ * f ° fm Wa,er insoluble 

The preferred reaction conditions for ^a?iT^T«Z™ ^ °' ^ ^ 



1 


IABL1 

PREFERRED 


= III 

MORE PREFERRED 


MOST PREFERRED 


Group (I) First Compound 


sodium carbonate, 
potassium carbonate, 
sodium oxide, potassium 
oxide, sodium hydroxide, 
potassium hydroxide, 
ammonium hydroxide 


sodium hydroxide, potassium 
hydroxide, ammonium 
hydroxide 


sodium hydroxide 


Second Compound 


calcium carbonate, 
magnesium carbonate, 
calcium oxide, magnesium 
oxide, calcium hydroxide, 
magnesium hydroxide, 

calcium chloride, 
magnesium chloride 


calcium hydroxide, 
magnesium hydroxide 


calcium hydroxide 
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TABLE III (continued) 





PREFERRED 


MORE PREFERRED 


MOST PREFERRED 


Group (II) First Compound 


calcium carbonate, 
magnesium carbonate, 
calcium oxide, magnesium 
oxide, calcium hydroxide, 
magnesium hydroxide, 
calcium chloride, 
magnesium chloride 


calcium hydroxide, 
magnesium hydroxide 


calcium hydroxide 



Reactor 20 is equipment such as a jacketed pug mill or any commercially available mixing equipment known to 
those skilled in the art. Reactor 20 must be made of a material which is not attacked by this corrosive mixture so as to 
ensure a useful life of the equipment. Accordingly, all surfaces of the reactor 20 which come into contact with the 
corrosive mixture should be inert to the corrosive mixture. The first and/or second compound(s) are contained in vessel 
22 and are added to reactor 20 as indicated by arrow 24. 

In step (b) of the present process, the mixture resulting from step (a) is dried at a temperature sufficient and for a 
time sufficient to substantially convert the fluoride ions to solid water insoluble calcium or magnesium fluorides or 
mixtures thereof and to substantially hydrolyze the hexafluoroarsenic acid or salts thereof to solid water insoluble 
calcium or magnesium arsenates or mixtures thereof. Preferably in step (b) of the present process, the reaction mixture 
is heated to a temperature of about 150°C to about 800°C. If the reaction temperature is much below 150°C, the 
amount of fluoride reacted is inadequate and the water is not substantially removed; the lack of appropriate materials 
of construction precludes the use of reaction temperatures much higher than 800°C. More preferably, the temperature 
of the reaction mixture is about 150°C to about 350 °C. 

Although hexafluoroarsenic acid or salt will be partially converted to insoluble arsenates in the presence of fluoride 
ion, we have found that in order to effect transformation of substantially all of the hexafluoroarsenic acid or salt to water 
insoluble arsenates, substantially all of the fluoride ion must be removed from the mixture in reactor 20. 

When calcium oxide is used, representative reactions which may occur are: 

HAsF 6 + 4 H 2 0 -> H 3 As0 4 + 6 HF 
2H 3 As0 4 + 3CaO -> Ca 3 (As0 4 ) 2 + 3H 2 0 

or the overall reaction is: 

2 HAsF 6 + 9 CaO -» Ca 3 (As0 4 ) 2 + 6 CaF 2 + H 2 0 
The hydrogen fluoride in the product is thus removed as CaF 2 . 

Preferably, the total reaction time is about 0. 1 to about 2 hours depending on the temperature of the reaction stage. 

Preferably, when calcium salt is used, the dried mixture comprises about 10 to about 60 weight percent calcium 
arsenate, about 40 to about 75 weight percent calcium fluoride, and about 5 to about 30 weight percent calcium sulfate. 
Calcium sulfate forms from sulfuric acid present in the starting aqueous mixture. More preferably, the resulting mixture 
comprises about 40 to about 60 weight percent calcium arsenate, about 25 to about 55 weight percent calcium fluoride, 
and about 5 to about 30 weight percent calcium sulfate. This mixture is typically cooled in order to make the product 
less corrosive and easier to handle and is removed from reactor 20 as indicated by arrow 32 to storage vessel 34. 

The calcium or magnesium arsenate or mixtures thereof in the resulting mixture from storage tank 34 may be 
recovered or this resulting mixture can be rendered nonhazardous by the use of known methods such as discussed 
by Nancy J. Sell, "Solidifiers for Hazardous Waste Disposal" , Pollution Engineering , 44 (August 1988) and Elio F. 
Arniella et al., "Solidifying Traps Hazardous Wastes", Chemical Engineering , 92 (February 1990). Typically, the dry 
alkaline mixture will then be rendered nonhazardous. For example, cement may then be added in various ratios to 
solidify and chemically stabilize the solid insoluble calcium or magnesium arsenate or mixtures thereof. When sub- 
stantially all the hexafluoroarsenic acid or salts thereof are converted to the insoluble calcium or magnesium arsenate 
or mixtures thereof and stabilized and subjected to the EPA Toxic Characteristics Leach Procedure Test (or local reg- 
ulations), the cement encased calcium arsenate meets the criteria and is considered nonhazardous. 
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The present invention is more fully illustrated by the following nonlimiting examples. 

For the following examples, the synthetic starting material had a composition representing the material exiting the 
evaporator in Table IV: 

5 TABLE IV 



Component 


Wt.% 


Hydrofluoric acid 


40 


Sulfuric acid 


8 


Hexafluoroarsenic acid 


20 


Water 


30 


Misc. {Fe, P0 4) etc) 


2 



75 

Under United States regulations, this waste was considered poisonous and carcinogenic because the waste con- 
tained arsenic and the waste was corrosive because the pH was < 2. 

The above corrosive hazardous mixture was neutralized with calcium hydroxide to pH 10-12. Portions of this mix- 
ture were subjected to various temperatures and times of heating and to various ratios of excess calcium hydroxide 
20 as will be detailed below. 

In all the following examples, the "% Total As" values included the arsenic from the calcium arsenate and any 
unconverted hexafluoroarsenate. The "% Direct As" values included only the arsenic from the calcium arsenate. Be- 
cause of the sensitivity of the analytical techniques used for these analyses, small differences between the "Total As" 
and the "Direct As" indicate that substantially all the hexafluoroarsenate has been converted to the calcium arsenate. 

25 

EXAMPLES 1-3 



For each of Examples 1 through 3, the neutralized waste of Table IV above was mixed with excess calcium hy- 
droxide in a 1 : 1 volume ratio. Each mixture was dried at the temperature indicated in Table V below. The results are 
in Table V below. 



TABLE V 



EX 


TEMP (°C) 


TIME (HOURS) 


TOTAL AS (%) 


DIRECT AS (%) 


1 


150 


1.5 


1.6 


1.5 


2 


300 


1.0 


1.5 


1.5 


3 


800 


0.5 


3.3 


3.3 



The results from these examples indicate that the arsenic can be converted to calcium arsenate in a reasonable 
time at a reasonable temperature when the calcium available can react with both the fluoride and the arsenate. They 
further indicate that as the temperature increases, the hydrolysis time decreases. The higher arsenic analyses in the 
800 °C run are believed to be due to the conversion of calcium hydroxide to calcium oxide. 



45 Examples 4-8 

Examples 4 through 8 were run with the same starting material as Examples 1 -3 but with different ratios of excess 
calcium hydroxide. The examples were run at 150 °C for 2 hours. The results are shown in Table VI below. 

TABLE VI 



EX 


EXCESS Ca(OH) 2 % 


TOTAL DIRECT AS % 


DIRECT AS (%) 


4 


5 


2.0 


2.1 


5 


10 


1.9 


1.9 


6 


20 


1.8 


1.8 


7 


5 


1.4 


1.4 


8 


100 


1.0 


1.0 
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In the Examples, no Toxic Characteristics Leach Procedure Tests (TCLP) were run on the final calcined waste 
because the "total arsenic 0 and the "direct arsenic" values were in such good agreement. The agreement meant that 
the material would pass the TCLP leach test. 

5 EXAMPLES 9 -13 

Example 1 is repeated for Examples 9 through 1 3 except that the calcium or magnesium salt used is as indicated 
in Table VII below: 

w TABLE VII 



EXAMPLE 


SALT 


9 


calcium carbonate 


10 


calcium oxide 


11 


magnesium carbonate 


12 


magnesium hydroxide 


13 


magnesium oxide 



20 

EXAMPLES 14 -20 

Example 1 is repeated for Examples 14 through 20 except that the alkali used is as indicated in Table VIII below 
and calcium hydroxide is used for conversion of the fluoride ions and precipitation of the arsenate as solid water in- 
oc soluble calcium arsenates: 



TABLE VIII 



35 



EXAMPLE 


ALKALI 


14 


sodium carbonate 


15 


sodium hydroxide 


16 


sodium oxide 


17 


potassium carbonate 


18 


potassium hydroxide 


19 


potassium oxide 


20 


ammonium hydroxide 



40 

Claims 

1. A process for converting hexafluoroarsenic acid or salts thereof contained in an aqueous mixture to solid water 
insoluble arsenates salts or mixtures thereof comprising the steps of: 

45 

(a) adding a first compound selected from group (I) consisting of sodium carbonate, sodium hydroxide, sodium 
oxide, potassium carbonate, potassium hydroxide, potassium oxide, ammonium hydroxide or mixtures thereof 
or from group (II) consisting of calcium carbonate, calcium chloride, calcium hydroxide, calcium oxide, mag- 
nesium carbonate, magnesium chloride, magnesium hydroxide, magnesium oxide, or mixtures thereof to said 
so aqueous mixture in an amount sufficient to substantially neutralize said aqueous mixture to a pH greater than 

or equal to about 10; 

and, if said first compound is selected from said group (II) except that said first compound is not calcium 
chloride or magnesium chloride, also in an amount sufficient to substantially convert fluoride ions in said 
55 aqueous mixture and fluoride ions liberated during conversion of said hexafluoroarsenic acid or salts there- 

of to solid water insoluble calcium or magnesium fluorides or mixtures thereof and to substantially hydro- 
lyze said hexafluoroarsenic acid or salts thereof to solid water insoluble calcium or magnesium arsenates 
or mixtures thereof in subsequent step (b); 
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and, if said first compound is selected from said group (I) for the adjustment of the pH, adding a second 
compound selected from said group (II) in an amount sufficient to substantially convert fluoride tons in 
said aqueous mixture and fluoride ions liberated during said conversion of said hexafluo roars en ic acid or 
salts thereof to solid water insoluble calcium or magnesium fluorides or mixtures thereof and to substan- 
tially hydrolize said hexafluoroarsenic acid or salts thereof to solid water insoluble calcium or magnesium 
arsenates or mixtures thereof in subsequent step (b); and 

(b) reacting said mixture resulting from step (a) at a temperature sufficient and for a time sufficient to substan- 
tially convert said fluoride ions to solid water insoluble calcium or magnesium fluorides or mixtures thereof 
and to substantially hydrolyze said hexafluoroarsenic acid or salts thereof to solid water insoluble calcium or 
magnesium arsenates or mixtures thereof. 

2. The process of claim 1 wherein said starting aqueous mixture additionally contains hydrogen fluoride. 

3. The process of claim 2 wherein said starting aqueous mixture compnses about 75 to about 95 percent by weight 
said hydrogen fluoride, about 2 to about 20 percent by weight said water, up to about 5 percent by weight sulfuric 
acid, and up to about 5 percent by weight hexafluoroarsenic acid or salts thereof. 

4. The process of claim t wherein before said compound addition in said step (a), said aqueous mixture is heated 
to a temperature of about 50°C to about 150°C wherein said hydrogen fluoride is substantially removed. 

5. The process of claim 1 wherein a salt of hexafluoroarsenate ion is hydrolyzed to arsenate salt. 

6. The process of claim 5 wherein said salt is selected from the group consisting of KAsF 6 , NaASF 6 , NH 4 AsF 6 , Ca 
(AsF 6 ) 2 , and Mg(AsF 6 ) 2 , 

7. The process of claim 1 wherein said first compound is selected from group (I). 

8. The process of claim 1 wherein said first compound is selected from group (II). 

9. The process of claim 1 wherein in step (b), the reaction temperature is about 150°C to about 800°C. 

10. The process of claim 1 wherein calcium arsenate or magnesium arsenate is formed. 



Patentanspruche 

1 . Verfahren zur Umwandlung von Hexafluorarsensaure oder deren in einer waRrigen Mischung enthaltenen Salzen 
in teste wasserunlosliche Arsenatsalze oder deren Mischungen, bestehend aus den Schritten: 

(a) Zugabe einer ersten Verbindung ausgewahlt aus der Gruppe (I) bestehend aus Natriumcarbonat, Natri- 
umhydroxid, Natriumoxid, Kaliumcarbonat, Kaliumhydroxid, Kaliumoxid, Ammoniumhydroxid oder deren Mi- 
schungen oder aus der Gruppe (II) bestehend aus Calciumcarbonat, Calciumchlorid, Calciumhydroxid, Cal- 
ciumoxid, Magnesiumcarbonat, Magnesiumchlorid, Magnesiumhydroxid, Magnesiumoxid oder deren Mi- 
schungen zu der waGrigen Mischung in einer zur weitgehenden Neutralisation der waRrigen Mischung auf 
einen pH von mehr als oder gleich etwa 10 ausreichenden Menge, 

und, falls die erste Verbindung aus der Gruppe (II) ausgewahlt ist, aufter wenn es sich bei der ersten 
Verbindung nicht urn Calciumchlorid bzw. Magnesiumchlorid handelt, ebenfalls in einer zur weitgehenden 
Umwandlung von in der waBrigen Mischung vorliegenden Fluoridionen und von wahrend der Umwandlung 
der Hexafluorarsensaure oderderen Salzen freigesetzten Fluoridionen in teste wasserunlosliche Calcium- 
bzw. Magnesiumfluoride oder deren Mischungen und zur weitgehenden Hydrolyse der Hexafluorarsen- 
saureoder von deren Salzen zu festen wasserunldslichen Calcium- bzw. Magnesiumarsenaten oderderen 
Mischungen im nachfolgenden Schritt (b) ausreichenden Menge, 

und, falls die erste Verbindung aus der Gruppe (I) ausgewahlt ist, zur pH-Einstellung Zugabe einer zweiten 
Verbindung ausgewahlt aus der Gruppe (II) in einer zur weitgehenden Umwandlung von in der waRrigen 
Mischung vorliegenden Fluoridionen und von wahrend der Umwandlung der Hexafluorarsensaure oder 
deren Salzen freigesetzten Fluoridionen in feste wasserunlosliche Calcium- bzw. Magnesiumfluoride oder 
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deren Mischungen und zur weitgehenden Hydrolyse der Hexafluorarsensaure oder von deren Salzen zu 
festen wasserunloslichen Calcium-bzw. Magnesiumarsenaten oder deren Mischungen im nachfolgenden 
Schritt (b) ausreichenden Menge, sowie 

5 (b) Umsetzung der in Schritt (a) erhaltenen Mischung bei einer soichen Temperatur und uber einen solchen 

Zeitraum, die zur weitgehenden Umwandlung der Fluoridionen in teste wasserunlosliche Calcium- bzw. Ma- 
gnesiumfluoride oder deren Mischungen und zur weitgehenden Hydrolyse der Hexafluorarsensaure oder von 
deren Salzen zu festen wasserunloslichen Calcium- bzw. Magnesiumarsenaten oder deren Mischungen aus- 
reichen. 

10 

2. Verfahren nach Anspruch 1 , wobei die waBrige Ausgangsmischung zusatzlich Fluorwasserstoff enthalt. 

3. Verfahren nach Anspruch 2, wobei die waRrige Ausgangsmischung etwa 75 bis etwa 95 Gew-% Fluorwasserstoff, 
etwa 2 bis zu etwa 20 Gew.-% Wasser, bis zu etwa 5 Gew.-% Schwefelsaure und bis zu etwa 5 Gew.-% He- 

15 xafluorarsensaure oder deren Salze enthalt. 

4. Verfahren nach Anspruch 1 , wobei vor Zugabe der Verbindung in Schritt (a) die waGrige Mischung auf eine Tem- 
peratur von etwa 50°C bis etwa 150°C erhitzt wird, wodurch der Fluorwasserstoff weitgehend entfemt wird. 

20 5. Verfahren nach Anspruch 1 , wobei ein Salz des Hexafluorarsenations zu einem Arsenatsalz hydrolysiert wird. 

6. Verfahren nach Anspruch 5, wobei das Salz ausgewahlt ist aus der Gruppe bestehend aus KAsF 6 , NaAsF 6 , 
NH 4 AsF 6 , Ca(AsF 6 ) 2 und Mg(AsF 6 ) 2 . 

25 7. Verfahren nach Anspruch 1 , wobei die erste Verbindung aus der Gruppe (I) ausgewahlt ist. 

8. Verfahren nach Anspruch 1 , wobei die erste Verbindung aus der Gruppe (II) ausgewahlt ist. 

9. Verfahren nach Anspruch 1, wobei die Reaktionstemperatur in Schritt (b) etwa 150°C bis etwa 800°C betragt. 

30 

10. Verfahren nach Anspruch 1, wobei Calciumarsenat bzw. Magnesiumarsenat gebildet wird. 



Revendications 



35 



1. Procede pour convertir de I'acide hexafluoroarsenique ou ses sels contenus dans un melange aqueux de sels 
arseniates solides insolubles dans I'eau ou de melanges de ceux-ci, comprenant les etapes qui consistent a: 

(a) ajouter un premier compose choisi dans le groupe (I) constitue par le carbonate de sodium, I'hydroxyde 
40 de sodium, I'oxyde de sodium, le carbonate de potassium, I'hydroxyde de potassium, I'oxyde de potassium, 

I'hydroxyde d'ammonium ou leurs melanges, ou dans le groupe (II) constitu6 par le carbonate de calcium, le 
chlorure de calcium, I'hydroxyde de calcium, I'oxyde de calcium, le carbonate de magnesium, le chlorure de 
magnesium, I'hydroxyde de magnesium, I'oxyde de magnesium, ou leurs melanges, audit melange aqueux, 
en une quantite suffisante pour neutraliser essentiellement ledit melange aqueux a un pH superieur ou egal 
45 & environ 10; 



et, si ledit premier compose" est choisi dans ledit groupe (II), sauf que ledit premier compose" n'est pas du 
chlorure de calcium ou du chlorure de magnesium, egalement en une quantite suffisante pour convertir 
essentiellement les ions fluorure dans ledit melange aqueux en ions fluorure liberes durant la conversion 
so dudit acide hexafluoroarsenique ou de ses sels en fluorures de calcium ou de magnesium solides, inso- 

lubles dans I'eau, ou en leurs melanges, et pour hydrolyser essentiellement ledit acide hexafluoroarseni- 
que ou ses sels en arseniates de calcium ou de magnesium solides, insolubles dans I'eau, ou en leurs 
melanges, dans I'etape (b) suivante; 

et, si ledit premier compose est choisi dans ledit groupe (I), pour I'ajustement du pH, ajouter un second 
55 compose choisi dans ledit groupe (II), en une quantite suffisante pour convertir essentiellement les ions 

fluorure dans ledit melange aqueux et les ions fluorure liberes durant ladite conversion dudit acide hexa- 
fluoroarsenique ou de ses sels en fluorures de calcium ou de magnesium solides, insolubles dans I'eau, 
ou en leurs melanges, et hydrolyser essentiellement ledit acide hexafluoroarsenique ou ses sels en ar- 
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seniates de calcium ou de magnesium solides, insolubles dans I'eau, ou en leurs melanges, dans I'etape 
(b) suivante; et 

(b) faire reagir ledit melange resultant de I'etape (a) a une temperature suffisante et pendant une duree suf- 
5 fisante pour convertir essentiellement lesdits ions fluorure en fluorures de calcium ou de magnesium solides, 

insolubles dans I'eau, ou en leurs melanges, et hydrolyser essentiellement ledit acide hexafluoroars^nique 
ou ses sels en arsenates de calcium ou de magnesium solides, insolubles dans I'eau, ou en leurs meManges. 

2. Procede seion la revendication 1 , dans lequel ledit melange aqueux de depart contient, en outre, du fluorure 
10 d'hydrogene. 

3. Procede selon la revendication 2, dans lequel ledit melange aqueux de depart comprend environ 75 a environ 
95% en poids dudit fluorure d'hydrogene, environ 2 a environ 20% en poids de ladite eau, jusqu'a environ 5% en 
poids d'acide sulfurique et jusqu'a environ 5% en poids d'acide hexafluoroars6nique ou de ses sels. 

15 

4. Proc6d6 selon la revendication 1 , dans lequel, avant I'addition dudit compose dans ladite Gtape (a), ledit melange 
aqueux est chauffe" a une temperature d'environ 50°C a environ 150°C, ce qui permet d'6liminer essentiellement 
ledit fluorure d'hydrogene. 

20 5. Proc6de" selon la revendication 1 , dans lequel un sel d'ion hexafluoroars6niate est hydrolyse en sel ars6niate. 

6. Procede selon la revendication 5, dans lequel ledit sel est choisi dans le groupe constitue par KAsF 6> NaAsF 6 , 
NH 4 AsF 6 , Ca(AsF 6 ) 2 et Mg(AsF 6 ) 2 . 

25 7. Procede selon la revendication 1 , dans lequel ledit premier compose est choisi dans le groupe (I). 

8. Precede" selon la revendication 1 , dans lequel ledit premier compose 1 est choisi dans le groupe (II). 

9. Procede selon la revendication 1 , dans lequel, dans I'etape (b), la temperature reactionnelle est d'environ 150°C 
30 & environ 800°C. 

10. Procede selon la revendication 1 , dans lequel se forme de Parseniate de calcium ou de I'arseniate de magnesium. 
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